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(54) METHOD OF INCREASING CAPACITANCE OF INTEGRATED CIRCUIT ELEMENT 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a method of increasing the capacitance 
of an integrated circuit element employing a nano-tube and contrive 
simplification of the process as well as reduction of the manufacturing 
cost. 

SOLUTION: The method of increasing the capacitance of the integrated 
circuit element is constituted of a step for patterning a catalyst area 
on a substratea step for forming a nano~tubea nano-wire or a nano-belt 
on the catalyst areaa step for forming a first dielectric layer on the 
nano-tubethe nano-wire or the nano-belt and the substrateand a step for 
forming an electrode layer on the first dielectric layer. According to 
this methodthe nano-tubethe nano-wire or the nano-belt is employed as 
the area of a capacitor electrode whereby the capacitance of the 
integrated circuit element can be increased without widening the bottom 
area itself of the capacitor - electrode. 



CLAIMS 



[Claim(s)] 

[Claim 1]A method to which capacity of an integrated circuit device is 
made to increasecomprising: 

A step which patterns a catalyst field on a substrate. 

A step which forms a nanotubenanowireor a nano belt on said catalyst 

field. 

A step which forms the 1st dielectric layer on said nanotubenanowire or 
a nano beltand said substrate. 

A step which forms an electrode layer on said 1st dielectric layer. 

[Claim 2]A method according to claim 1 of being what contains further a 
step which forms a metal layer between said nanotubenanowire or a nano 
beltand said 1st dielectric layer. 

[Claim 3]A method according to claim 1 of being a thing characterized by 
comprising the following. 

A step to which a step which patterns a catalyst field on said substrate 
diffuses solution of metal catalyst ion content to a predetermined field 
in said substrate further. 

A step which performs an annealing process. 

[Claim 4]A method to which capacity of the integrated circuit device 
according to claim 1 which is that in which a step which patterns a 
catalyst field on said substrate contains a step which pours a metal 
catalyst into a predetermined field in said substrate by an ion 
implantation is made to increase. 

[Claim 5]A method to which capacity of the integrated circuit device 
according to claim 1 which is a thing characterized by comprising the 
following is made to increase. 

A step at which a step which patterns a catalyst field on said substrate 
forms a metal catalyst layer on said substrate. 

A step which forms a photoresist layer on said metal catalyst layer. 
A step which performs a photo lithography process. 

[Claim 6]A method to which capacity of the integrated circuit device 
according to claim 1 which is that in which a step which forms a 
nanotube on said catalyst field contains a step which introduces cracked 
gas by a chemical-vapor-deposition method on said catalyst field under 
conditions of predetermined plasma is made to increase. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of 
enlarging capacity of DRAM by using a nanotubenanowireor a nano belt 
especially about the method to which the capacity of an integrated 
circuit (IC) element is made to increase. 
[0002] 

[Description of the Prior Art]The storage cell of DRAM by conventional 
technology comprises one transistor and one capacitorand isand the 
miniaturization of the transistor is progressing with technical 
development. If the size of a transistor becomes smallthe necessity of 
also reducing the area of a capacitor electrode will come outbut the 
capacity will also become small if the area of a capacitor electrode 
becomes small. The capacity of the storage cell in DRAM must have 
sufficient size to such an extent that it can maintain predetermined 
voltage. Thereforein order to solve this problemsome methods of 
increasing the surface area of a capacitor electrode were indicated. 
Usually it is performed by the method that these methods dig or 
(trenching) laminate a trench (stacking). 
[0003] 

[Problem (s) to be Solved by the Invent ion] Howeverin the method mentioned 
abovesince each requires a complicated processa manufacturing cost 
cannot be held down low. Since these methods have the physical 
restriction produced by using photolithography technology even if they 
can enlarge area of a capacitor electrodethere is a limit in the effect. 
[0004]Thenin order to conquer the fault mentioned abovethe purpose of 
this invention is to provide the method to which the capacity of an 
integrated circuit device is made to increase using a nanotube. 
[0005] 

[Means for Solving the Problem] In view of an above-mentioned problema 
method to which capacity of an integrated circuit device concerning this 
invention is made to increaseA step which patterns a catalyst field on a 
substrateand a step which forms a nanotubenanowireor a nano belt on a 
catalyst fielda step which forms the 1st dielectric layer on a 
nanotubenanowire or a nano beltand a substratea step which forms an 
electrode layer on the 1st dielectric layer** et al. — so-called — it 
is . 

[0006] Capacity can be made to increase by using a nanotubenanowireor a 



nano belt as a capacitor electrode field according to a method of this 
inventionwithout extending the area of base of a capacitor electrode 
itself. A process is facilitated by this and reduction of a 
manufacturing cost is attained by it. 
[0007] 

[Embodiment of the Invention]Based on an exampleit explains in 
detailmaking a drawing reference so that this invention may be 
understood more clearly. Firstin drawing 1 (a) the catalyst field 12 is 
patterned on the substrate 10. There are several sorts in the method of 
patterning the catalyst field 12 on the substrate 10. For exampleas the 
1st methoddiffuse the solution of metal catalyst ion content in the 
predetermined region (namelycatalyst field 12) on the substrate 10 (not 
shown) and it ranks secondThe thing containing the step which performs an 
annealing process and makes the solution of metal catalyst ion content 
condenseand in which a metal catalyst group (metal catalyst group) is 
made to form is mentioned. The catalyst field 12 is patterned by this. 
The solution containing this metal catalyst ion is preferred in their 
being solution of nickel ion contentor solution of iron ion content. 
[0008]There is a thing containing the step which pours in a metal 
catalyst by an ion implantation as the 2nd method on the predetermined 
field (getting it blocked catalyst field 12) in the substrate 10. The 
catalyst field 12 is patterned by this. This metal catalyst is preferred 
in their being nickel or iron. 

[0009]From depositing a metal catalyst layer on the substrate lOthe 3rd 
method forms the photoresist layer which has a predetermined pattern on 
the metal catalyst layerand contains the step of patterning the catalyst 
field 12 according to a photo lithography process after that (not shown). 
As for this metal catalyst layerit is preferred to comprise nickel or 
iron. 

[0010]Nextin drawing 1 (b) the carbon nanotube 20 is formed on the 
catalyst field 12. Under the condition of predetermined plasmathe step 
which forms the carbon nanotube 20 on the catalyst field 12 introduces 
cracked gas on the catalyst field 12 by a chemical-vapor-deposition 
method (CVD) (not shown). As this cracked gasmethane (CH 4 ) ethane (C 2 H 6 )or 
carbon dioxide (C0 2 ) is preferred. 

[001l]Thenthe 1st dielectric layer 40 is deposited on the carbon 
nanotube 20 and the substrate 10. Under the present circumstancesat the 
same time as it enlarges surface area of the carbon nanotube 20in order 
to improve the adhesion between the carbon nanotube 20 and the 1st 
dielectric 1 ayer 40As the metal layer 30 is made to form before 
depositing the 1st dielectric layer 40 on the carbon nanotube 20as shown 



in drawing 1 (c)and shown in drawing 1 (d) after thatit is good to 
deposit the 1st dielectric layer 40 on the metal layer 30. Forming by 
sputtering is preferred for this metal layer 30. 

[0012]Finallyin drawing 1 (e) the electrode layer 50 is deposited on the 
1st dielectric layer 40. 

[0013]The carbon nanotube 20 is a cylinder with the diameter of the 
NAN0MET0RU classand has high conductivity and the large aspect ratio 
similar to metal. Thereforecapacity can be made to increase by forming a 
carbon nanotube as a bottom electrode on the capacitor electrode surface 
of an integrated circuit deviceas mentioned abovewithout extending the 
area of base of a capacitor electrode. Such a process is easy 
andmoreoverenables the fall of a manufacturing cost. In applying the 
process mentioned above to DRAMwhen capacity increasedthe stability of 
the data save of a storage cell also increases. Other 
nanotubesnanowireor nano belts may be used instead of the carbon 
nanotube 20. 

[0014] In drawing 1 (f)the 2nd dielectric layer 60 is formed and the 
electrode layer 50 is covered. Flattening may be performed to this 2nd 
dielectric layer 60. 

[0015]As mentioned abovealthough the suitable embodiment explained this 
inventionthis does not tend to restrict this inventionand if it is a 
person skilled in the artunless it deviates from the pneuma and the 
range of this inventionvarious kinds of change and ornamentation can be 
added. Thereforethe range of protection of this invention must be based 
on the above-mentioned claim. 
[0016] 

[Effect of the Invention]Capacity can be made to increasesince a 
nanotubenanowireor a nano belt was used as a capacitor electrode field 
according to this invention as explained abovewithout extending the area 
of base of a capacitor electrode. A process is facilitated by this and a 
manufacturing cost can be reduced by it. About application to DRAM of 
this inventionwhen capacity increasesthe stability of the data save of a 
storage cell also increases. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] (f) is an explanatory view explaining the method to which the 
capacity of the integrated circuit device by this invention is made to 
increase from (a). 



[Description of Notations] 

10 Substrate 

12 Catalyst field 

20 Carbon nanotube 

30 Metal layer 

40 The 1st dielectric layer 

50 Electrode layer 

60 The 2nd dielectric layer 
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